The prevalence of cardiovascular disease and hypertension show wide variability among different ethnic groups in the UK. We combined data collected annually between 1991-1996 in the Health Surveys for Englandnationwide surveys that provide information on the health status in a representative sample of the population living in England, to compare blood pressure (BP) levels, hypertension rates (systolic BP у160 mm Hg or diastolic BP у95 mm Hg, or those on antihypertensive medication), hypertension treatment and control rates in people of white, black (combining black-Caribbean, black-African and black-other), and South Asian origin (combining Indians, Pakistanis and Bangladeshis). Analyses were stratified into two age groups, 16-39 (younger) and у40 years (older), but were focused on older adults (30 619 whites, 295 blacks and 529 South Asians).
Introduction
Coronary heart disease (CHD) and stroke mortality rates show wide variability among different ethnic groups in the UK. 1 Notably, South Asian immigrants have an excess in CHD mortality of about 40% compared with average rates in England and Wales and the African and African-Caribbean communities have stroke mortality rates which are about twice the average rates found in England and Wales, with CHD mortality rates which are significantly less than average.
Several regional studies in the UK have tried to evaluate ethnic differences in cardiovascular risk factors to explain the ethnic variability in mortality rates. [2] [3] [4] [5] [6] [7] [8] Data on blood pressure (BP) levels in these studies have usually, [2] [3] [4] [5] [6] but not always, 7, 8 shown higher BP levels particularly among black populations. However, overall these findings are in keeping with other studies from the USA and the Carib-bean 9,10 which have shown higher BP levels among blacks than whites whilst fewer data are available on South Asians in the UK. 2, 5, 6 Given the inclusion of due proportions of ethnic minority populations in the annual Health Surveys for England, the opportunity arose to evaluate BP levels in nationally representative samples of whites, blacks, and South Asians living in private households in England.
Subjects and methods
The Health Survey for England (HSE) is a nationwide survey commissioned by the Department of Health. It has been carried out every year since 1991 and it was enlarged in 1993 and extended from a one-season survey to be carried out continuously throughout the year. A total of 7260 adults aged 16 and above were interviewed in 1991 and 1992, while interviews were obtained from a sample of around 16 000 adults in each of the 4 years 1993-1996. The HSE includes data on various aspects of the nation's health in a representative sample of the English population drawn from those living in private households. The sampling methods are described in detail elsewhere. 11 In brief, a multi-stage stratified probability sampling design has been adopted to date. Data collection is performed in two parts: an interviewer's visit (which includes height and weight measurements), followed by a visit from a nurse, who measures BP, records current use of prescribed medicines and takes a blood sample.
Blood pressure
Blood pressure and pulse rates were measured using an automated device, the Dinamap 8100 monitor.
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Using an appropriately sized cuff, three BP readings were taken on the right arm with the informant in a seated position after 5 min rest. Informants who had eaten, drunk alcohol or smoked in the 30 min prior to the measurement were excluded from the analysis. The data used in this study are based on the mean of the second and third measurements made on respondents who had three recordings completed.
In the analysis, the definition of hypertension used was having a systolic BP (SBP) у160 mm Hg, or diastolic BP (DBP) у95 mm Hg, or being on antihypertensive medication.
Treatment was defined as the proportion who were taking antihypertensive medication. The control rate was defined as the proportion on antihypertensive medication with SBP Ͻ160 mm Hg and DBP Ͻ95 mm Hg.
Other covariates
Body mass index (BMI) was defined as weight (kg)/height (m 2 ) and obesity was defined as a BMI of over 30 kg/m 2 . Alcohol intake was determined by asking the respondents about the frequency and quantity of alcoholic beverages drunk during the past 12 months. Intakes were estimated as units of alcohol per week. Heavy drinking was defined as more than 21 units per week for men and more than 14 for women. Self-reported smoking status was dichotomised for the purpose of this study as noncurrent (never and past smokers) or current. Social class was assigned on the basis of the occupation of the head of the household, using the Registrar General's standard occupational classification. 13 Social classes were further grouped into manual (IIIM, IV and V, ie, skilled manual, partly skilled and unskilled occupations) and non-manual (I, II and IIINM, ie, professional, managerial and technical, and skilled non-manual occupations). Subjects whose occupation was not adequately described, the chronically unemployed, those in the armed forces, and full-time students, were assigned a separate coding ('other').
Ethnic origin
The definition of ethnic origin was based on the answer to the following question: 'To which of the groups on this card do you consider you belong?' The list included: white; black-Caribbean; blackAfrican; black-other; Indian; Pakistani; Bangladeshi; Chinese; none of these. In the HSE series to date the interviews have only been carried out in English.
People with difficulties in understanding and speaking English (less than 1% of the estimated total of adults, according to the 1996 survey 11 ) were not interviewed and therefore are not included in this study.
Each year the ethnic minority sample in the HSE was around 5% of the total surveyed. The small numbers do not allow separate analyses for the different subgroups of black and South Asians; we therefore present combined results for black Caribbeans, black-Africans and black-other and South Asians (which include Indians, Pakistanis and Bangladeshis).
Analyses are presented here on people interviewed during the period 1991-1996 who had a nurse visit and had valid blood pressure measurements (52 525 whites, 811 blacks, and 1443 South Asians). Analyses were stratified into two age groups, 16-39 years (younger) and у40 years (older) but in view of the low prevalence of hypertension below the age of 40 were mainly focused on older adults [30 619 whites (median age 58); 295 blacks (median age 53); and 529 South Asians (median age 49)].
Statistical methods
Statistical analysis was carried out using SPSS. Age standardisation was achieved using the direct method. Separate analyses for mean SBP and DBP were carried out, including and excluding those on antihypertensive medication. Multiple logistic regression was used to assess the relationship between ethnic origin and BP in separate sex-specific models. Other outcomes of interest were the odds ratio (OR) of being hypertensive, of being treated for hypertension and controlled while on treatment, presented with their 95% confidence intervals (CI).
Results
Age-standardised mean pulse and BP levels and the prevalence of other age-standardised characteristics by sex and ethnic origin are shown in Table 1 for those aged 40 years and above (older) and in Table  2 for those aged 16 to 39 years (younger). Among older men, the obesity rate as measured by BMI was lower in South Asians than in blacks and whites. Smoking prevalence in men was similar in all ethnic groups, while fewer black and South Asian men reported heavy drinking compared with their white counterparts. Among men and women, significantly more blacks belonged to a manual social class compared with whites, whereas similar rates were reported among whites and South Asians.
Black women showed a particularly high prevalence of obesity (49%)-more than twice the rates observed among white and South Asian women. In contrast, prevalence rates of smoking and heavy drinking were much lower among black and Asian women compared with whites.
Unlike older subjects, younger South Asians had the highest proportion in manual social classes and smoking in younger women was only significantly reduced in South Asians. Otherwise all ethnic differences observed in older subjects were similar but less evident in the younger age groups. Obesity in women was still significantly more prevalent among blacks than whites and South Asians, and heavy drinking was more prevalent among white women than blacks and South Asians (Table 2) .
Among those aged 40 and above age-adjusted mean SBP and DBP were significantly higher in both men and women of black origin compared with their white counterparts. Both SBP and DBP's of South Asian men were higher than their white counterparts, but significantly so only for DBP. Neither SBP nor DBP were significantly different between South Asian and white women. These trends in ethnic differences did not change substantially when the mean values were recalculated excluding those on antihypertensive treatment (see Table 1 ). Among males over the age of 40, age-standardised prevalence of hypertension was higher in blacks and
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South Asians compared with whites, and among women blacks had significantly higher rates than whites. Among those Ͻ40 years, age-adjusted SBP's were lower in black and South Asian men than in white men, whereas among women, SBP's were lowest among South Asians and similar in blacks and whites. DBP's did not differ among the three ethnic groups in either men or women. South Asians of both sexes above and below age 40 had significantly higher mean pulse rates than whites. Among blacks, only older men had pulse rates higher than whites.
After controlling for age, BMI, social class, smoking and alcohol intake among those aged 40 and above, the risk of being hypertensive compared with their white counterparts was higher in black men and women and South Asian men (Table 3) . Among those with hypertension, both black men and women had higher treatment rates than whites, with the adjusted OR of receiving treatment being just significantly higher than in their white counterparts. No differences in treatment rates were observed between South Asians and whites with hypertension. Among older hypertensive males irrespective of treatment, age-standardised control rates were similar in whites (35%), blacks (37%), and South Asians (33%), but among older hypertensive women control rates were significantly higher in black women (51%) and non-significantly lower in South Asians (32%) than in whites (38%) (data not shown). Among those on treatment for hypertension, the odds of having controlled BP did not differ among the three groups of older men but was significantly reduced in older South Asian women (Table 3) .
Discussion
This study is the first to report mean BP levels and rates of hypertension among whites, blacks, and South Asians-as measured in a nationally representative sample of the adult population living in England. Overall the findings are in keeping with most earlier studies [2] [3] [4] [5] [6] in that among both men and women aged 40 years and above, mean age-adjusted BP levels and rates of hypertension were highest in the black subgroups. Among the male South Asian population, BP levels and hypertension rates were similar to those found in blacks, whereas among female South Asians, BP levels and hypertension rates were similar to those found among white women.
Among men the risk factors for increased BP evaluated in this study did not explain the different BP patterns observed among the three ethnic groups, in that blacks and South Asians reported the lowest alcohol intakes, and obesity rates, as measured by BMI, were similar in blacks and whites and were actually lower in South Asian men than white men. Similarly, among older black women, alcohol intakes were low although obesity levels were strikingly high in this group.
Although waist-to-hip ratio better reflects central obesity and as such is a better predictor of cardiovascular disease than BMI, 14 it was not measured in every year of the HSE, and so in the present report obesity was evaluated using BMI. Earlier studies have shown that whilst the South Asian communities tend to have relatively low BMI's they have the highest waist-to-hip ratios among the three ethnic groups included in this report. 6 In addition to relatively high waist-to-hip ratios, South Asian populations have been shown to have other stigmata of the insulin resistance syndrome, which is associated with higher BP levels. 6 Unpublished data from the HSE 1991-1994 also showed a higher prevalence of diabetes in men aged 45 and above who were of Indian (12.0%) and Pakistani/Bangladeshi (24.1%) origin than in whites (4.7%) with ethnic differences of a similar magnitude among women.
Pulse rates were highest among South Asian men and women and were also higher in black than in white men and women. A link between BP and stress (as reflected by increased pulse rate) suffered by ethnic minorities in a prejudiced society, or due to low socio-economic status have been proposed. 15 However higher pulse rates in blacks than whites have not been a consistent finding and the highest pulse rates in the present study were observed in the South Asians-including South Asian women whose BPs and rates of hypertension were similar to those of white women. Furthermore, in one study urinary catecholamine excretion rates in children were found to be lower in blacks than whites, despite higher BP levels among the black children. 16 Nevertheless the sympathetic nervous system is likely to play a role in the aetiology of raised blood pressure, at least in a proportion of patients 17 and the possibility of an enhanced role among black patients is suggested by the greater variation in BP found among blacks than whites in response to exogenous noradrenaline and to acute mental and physical stresses. 18, 19 The interrelationships between the sympathetic nervous system, central obesity, and insulin resistance to produce elevated BP levels have been previously described. 20 However, overall BPs were highest in older black men and women, groups which are not particularly prone to central obesity or insulin resistance. 6 Furthermore the relatively low BPs found in South Asian women and high BPs in South Asian men when both sexes are prone to the features of insulin resistance, suggests other explanatory variables are involved with determining their respective BP levels.
Data from several studies have suggested that increased sympathetic tone (as reflected by higher pulse rate) and increased dietary sodium intakes may interact to produce higher BP levels. 21, 22 However levels of dietary sodium and potassium intake, which in themselves are potentially important determinants of population BP levels, 23 were not measured directly or indirectly in this study. These variables have been proposed as potential determinants of differences in BP levels between blacks and whites, either through increased salt sensitivity 24 or lower potassium intakes 25 among blacks. Lower socio-economic strata have been shown to be associated with higher BP levels, 26 with higher morbidity and mortality rates due to cardiovascular and other conditions as recognised in the recent Independent Enquiry into Inequality in Health. 27 However whilst few data are available on the association between BP and socio-economic strata among black communities in the UK, blacks and whites from similar social and geographic sources showed higher BPs among the blacks studied. 2, 3 In addition, most of the differences in BPs observed across the socio-economic strata are abolished after adjustment for differences in various confounders, particularly BMI. 26 Nevertheless it may be that other measures not included in the HSE such as the Townsend or Jarman scores would have been more suitable to evaluate differences among ethnic groups in socioeconomic deprivation and access to services which may have impacted on BP levels and hypertension management.
The low rates of young blacks reportedly in manual classes contrasts with the situation in older subjects. This may be due to the fact that among younger black males and females a large proportion (16 and 21% respectively) were classified in the 'other' social class group, while only 5 and 7% of younger white men and women respectively were so classified. No such ethnic difference was apparent in the older age group (data not shown). Consequently the low proportions of younger blacks classified in the manual social class may at least in part reflect the higher proportion classified as 'other', although a response bias cannot be ruled out.
The higher treatment rates observed among black hypertensives (Table 3) is surprising, given reported reduced access to health care services among blacks.
2 However these findings may reflect increasing awareness in the black community and their doctors of the increased BP levels and stroke rates reported among black populations.
Once treated, control rates as conservatively defined in this study, were not significantly different across the three ethnic groups studied, with the exception of South Asian women in whom rates were significantly reduced. Other than chance, no data are available from this study to explain this finding.
Ethnic variations in BP levels among the younger subjects studied (Ͻ40 years) contrasted with those in the older subjects, although overall patterns in risk factors for BP elevation did not. Once again, pulse rates were highest among the South Asians studied, but systolic BPs were highest among whites in keeping with the high rates of heavy drinking
Journal of Human Hypertension reported by these groups. How far the differences among the ethnic groups between younger and older adults reflect genuine temporal changes in ethnically-based BP variations cannot be determined. Two earlier studies of UK schoolchildren aged 15 to 16 years showed no differences in BP between African-Caribbeans and whites. 28, 29 Hence it is possible that the BP levels observed in the younger adults will track differentially over time across the three ethnic groups to reproduce the findings observed among older subjects in this study. This has potential implications for intervention, particularly among the black and male South Asian populations. However the results, particularly among younger subjects, may have been affected by a degree of response bias.
Possible limitations of the study
An attempt to evaluate non-responders and hence a potential recruitment bias was undertaken in the 1996 HSE report 11 although analyses could only be based on households at which at least some information about the household was collected. While the ethnic group of the head of the household was other than white in 6% of co-operating individuals, the proportion doubled (13%) in non co-operating individuals. Non-co-operation mainly involved refusal to take part, but also non-contact because of an empty property, or occupants rarely at home. Refusals seemed therefore to have been higher among ethnic minority groups, and this may have biased our results since non-responders may be sicker, and less likely to have their high BP treated or controlled than responders. We know that overall non-responders tended to be younger and to be in households where the head was a student or had never worked. Since less than 1% of those surveyed were excluded for language difficulties, insufficient English does not seem to have been an important reason why people from ethnic minority groups were not interviewed.
The use of the Dinamap 8100 for BP measurement has been challenged. 30 However, whilst several comparative studies have shown differences in BP measured by the Dinamap 8100 and mercury sphygmomanometers, the direction and magnitude of these differences are inconsistent, and in the setting of a large multicentre survey in which BPs are measured in the home, the Dinamap 8100 is considered to be suitable and sufficiently accurate. 12 Despite being the only nationally-representative study of ethnic variations in BP levels and including several years of data from the HSE, the numbers of South Asians and particularly blacks included are small and hence reported mean BP levels may be insufficiently robust. Data from the 1999 HSE, which focuses on some ethnic minority groups, will add importantly to these findings.
In summary, data from a series of annual nationally representative surveys among whites, blacks and South Asians resident in England showed that mean age-adjusted BP levels of adults (у40 years) are highest among blacks. South Asian men had mean BP levels and hypertension rates similar to black men and South Asian women had mean BP levels and hypertension rates similar to white women. A convincing explanation for these findings could not be made entirely on the basis of obesity levels (using BMI), reported alcohol intakes, socioeconomic status, and pulse rates. However it is possible that residual confounding from all/any of these variables could have contributed to the ethnic differences observed and that other potentially important explanatory variables not measured in HSE such as dietary sodium and potassium could account for at least some of these differences. Among the hypertensives studied, treatment rates were highest among black men and women. Mean BP levels among younger subjects (Ͻ40 years) showed different patterns across ethnic groups, possibly reflecting genuine temporal changes in ethnic variations in BP levels.
